one  FILE  COPY  AD  A 129  415 


//  u  ■ 

Report  No.  CG-D-16-83 

SUMMARY  OF  THE  FALL  1981  SPRINGING 
RESPONSE  TRIALS  AND  HULL  GIRDER 
CALIBRATION  OF  THE  M/V  STEWART  J.  CORT 


Thil  daoiRMnt  it  ai«Ualite  ts  U.S.  pufaUe  through  ttw  Nffional 
TochnicM  li^ofioittow  Stwio^SprlngWtld.  VlRiiBto  22161 


SUMMARY  REPORT 
JULY  1982 

Prepared  for: 


DTIC 

g^ELECTE 
^JUN  16  1983 

A 


U.S.  Departmentof  Transportation 
United  States  Coast  Guard 

Office  of  Research  and  Development 
Washington,  D.C.  20593 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Department 
of  Transportation  in  the  interest  of  information  exchange.  The  United 
States  Government  assumes  no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  do  not  necessarily  reflect  the  official  view 
or  policy  of  the  Coast  Guard;  and  they  do  not  constitute  a  standard, 
specification,  or  regulation. 

This  report,  or  portions  thereof  may  not  be  used  for  advertising  or 
sales  promotion  purposes.  Citation  of  trade  names  and  manufacturers 
does  not  constitute  endorsement  or  approval  of  such  products. 


T«chnlcal  Rtport  Decumcntotlen  Pag* 


K  e«p«rt  No. 

3.  Govornmont  Aeeootion  No. 

3.  Roeigiont't  Cotolog  No. 

CG-D- 16-83 

4.  Tillo  ond  Subtillo 

S.  Roport  Dot# 

SUMMARY  OF  THE  FALL  1981  SPRINGING  RESPONSE  TRIALS 

AND  HULL  GIRDER  CALIBRATION  OF  THE  M/V  STEWART  J.  CORT 

6.  Porfomiing  Orgonliofion  Cedo 

S.  PvrfDTmjng  Ofg*n**ation  Rogoft  N#. 

7.  Auritor^t) 

DAVID  P.  KIHL 

9.  Porfoming  Orgoni  lotion  Nomo  ond  Addrott 

STRUCTURES  DEPARTMENT 

10.  Work  Unit  No.  (TRAIS) 

1730-603 

SHIP  STRUCTURES  DIVISION, 
BETHESDA,  MABYLAND 

DTNSRDC 

20084 

1 1 .  Centroet  or  Gront  No. 

MIPR-Z-7009  9-8-851 1 7-5B 

13.  Typo  of  Ropert  and  Poriod  Cevorod 

13.  Sgonioring  Agoney  Nomo  ond  Addroit 

U.  S.  COAST  GUARD  (G-DMT-l) 

2tnn  SRcrun  rtpep.t  s.u. 

SUMMARY  REPORT 

FALL,  1981 

WASHINGT(»I,  D.C.  20593 

14.  Sponooring  Agoney  Codo 

IS.  Supal*m«nt*ry  N«**i 


The  U.S.C.G.  Office  of  Research  and  Development  technical  Representative  for  this 
work  was  LTJG  R.A.  NUGENT. 


1 6.  Abifrqef  _J 

Continued  full  scale  wave  and  stress  measurements  were  conducted  on  a 
1000  ft.  Great  Ukes  ore  carrier,  the  M/V  STEWART  J.  CORT: to: increase  the  1979 
trials  data  base.  The  need  for  a  larger  data  base  was  decided  based  on  the  limited 
agreement  of  results  between  the  fuU  scale  data  compiled  from  the  1979  trials  and 
analytical  predictions. 

As  part  of  the  1981  trials  effort  a  hull  girder  calibration  was  performed 
which  came  within  lOZ  of  the  expected  results.  A  check  of  the  calculated  neutral 
axis  showed  very  good  agreement  with  the  neutral  axis  location  of  the  calibrated 
stresses.  Limited  funding  prevented  all  of  the  data  from  being  analyzed,  except 
for  the  hull  girder  calibration  which  is  presented.  This  report  la  therefore  a 
aummary  of  the  1981  springing  response  trials  with  descriptions  of  the  chaages  made 
since  the  1979  trials,  the  data  runs  taken,  and  a  discussion  of  the  hull  girder 
calibration.  No  trials  data,  except  for  the  hull  girder  calibration, -is  present. 
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ABSTBACT 


Cootinuid  full  scaIu  ««v«  and  atrcM  MMureunts  ««r*  conductad 
on  •  1000  ft  Great  Lakaa  ora  eacriar  to  iaeraaaa  tha  1979  trial*  data 
ba*a.  Th*  naad  for  a  larger  data  baaa  waa  decided  baaed  oo  the  Halted 
agreea^ent  batueea  the  full  acale  reeult*  free  the  1979  trial*  and 
analytical  prediction*. 

Alao  a*  part  of  th*  1981  trial*  effort  a  hull  girder  calibration 
wa*  perforaed  which  c*ae  within  lOZ  of  the  expected  reeult*.  A  check 
of  the  calculated  neutral  axl*  showed  very  good  agraaaant  with  the 
neutral  axl*  location  of  the  calibrated  streaae*.  Lialtad  funding 
prevented  all  of  th*  data  froa  being  analyxad,  except  for  the  hull 
girder  calibration  which  1*  preeanted.  Thl*  report  1*  therefor*  a 
auaaury  of  th*  1981  aprlnging  reapona*  trial*  with  dcaerlptlona  of 
th*  change*  ead*  ainc*  th*  1979  trial*,  the  data  run*  taken,  and  a 
diacuaalon  of  tha  hull  girder  calibration.  No  trial*  data,  except 
for  the  hull  girder  calibration.  Is  preaented. 


ADMIKISTEATIVE  INFORMATION 

The  work  deacrlbed  herein  was  perfomad  by  the  Ship  Structures  Dlvlaloo  at  tha 
David  Taylor  Naval  Ship  BAD  Canter  (DTNSRDC)  under  fund*  provided  by  tha  D.S.  Cosat 
Guard  MIPa-Z-70099-8-85117  under  work  unit  1730-603. 


INTRODUCTION 

Thl*  report  1*  an  account  of  the  1981  effort  into  the  continued  Investigation 
of  springing  reaponaa*  on  the  Great  Lake*  or*  carrier  M/V  STEWART  J.  CORT.  In  tb** 
fall  1979.;  full  scale  trial*  were  conducted  on  the  CORT  froa  which  response  aaplitude 
operator*  (RAO' a)  were  developed  between  oidahip  acres*  and  wave  height  aeasuce- 
aentSi^*  Thscs  RAC's  wars  cospared  with  theOfetlcal  RAO'*  coaputed  by  the  Aaerican 
Bureau  of  Shipping  (ABS)  and  Webb  Institute  of  Naval  Architecture.  These  initial 
coaparlaona  did  not  conplctely  agree  In  soom  cases,  indicating  the  need  to  aura  fully 
underatand  tha  structural  response  of  Great  Lakes  ore  carriers.  The  1981  trials 
were  Intended  to  continue  the  taeasureaent  of  aldshlp  stresses  and  wave  height,  and 
generate  a  larger  data  base  of  RAO's  for  coaparlson  with  the  analytical  predictions. 

Raferences  are  listed  on  page  17  . 
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Th«  ovartll  objcctlva  of  th«  roMarch  effort  le  to  eceuretely  predict  tprlnflng  and 
wave  Induced  reeponaea  of  ora  carrlera  ao  that  the  longitudinal  atrangth  atandarda 
can  be  validated,  to  inaurc  adequate  longitudinal  atrangth  for  longer  (than  750  ft) 
ore  carrier a* 


TEST  OBJECTIVES 

The  original  teat  objactivaa  of  the  fall  19S1  trla7a  aeaaon  of  alaultanaoua  wave 
and  atraaa  neaaurcaMnta  were  to: 

1.  Continue  alnultaceoua  full  acala  Meauraaenta  of  wave  and  atraaa  during  the 
1981  fall  ahipping  aeaaon. 

2.  Continue  the  data  analyaia  and  develop  EAO'a  uaing  the  oidahip  deck  atraaa 
and  the  collina  radar  altimeter. 

3.  To  complete  Che  apringing  ceacarcu  sc  the  COST  to  arrive  at  aoma 
apecific  concluaions  concerning  wave  induced  and  apringing  atreaa  combination. 

Aa  part  of  the  approach  to  arrive  at  the  above  objectlvea,  a  acetic  vertical 
ealibreclon  of  the  ahlpa  hull  girder  vaa  to  be  performed  at  aoae  time  during  the 
trials  aeaaon.  The  reaulta  of  chla  calibration  were  to  be  used  to  obtain  a  caIatioo> 
ship  between  applied  bending  moment  and  atresaea  in  the  deck  and  keel,  and  to  offer 
a  check  of  the  actual  neutral  axis  agalnat  the  calculated  neutral  axis  and  aectlon 
moduli. 

The  cast  objectivss  uers  revised  when  funda  remaining  to  complete  the  project 
became  unavailable.  Aa  par  aponaor  requeat,  aimulcaneous  full  acale  uaaaurcaenta 
of  wave  end  atreaa  during  the  1981  fall  aaaaoo  were  to  continue  end  cha  atetlc 
calibration  of  the  hull  girder  woulG  be  performed,  in  lieu  of  genereCing  EAO'a 
between  the  oidahip  atreacea  and  meaaured  wave  height.  The  Idea  being  that  the 
data,  once  collected,  could  be  axMlyxed  eC  a  later  date  when  funda  became  ovailabla. 
Tha  Htatie  hull  girdsr  calibration  data  was  analyaad  and  tha  raaulta  are  presented 
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la  App«ndlr  k  of  this  report.  Also  Included  In  the  report  is  s  susnerj  of  the  triels 
preperstloop  full  scale  trials  sad  tbs  hull  girder  calibration.  Inforaatloo  oa  the 
calibration  of  all  tranducers  used  In  these  trials  Is  given  in  Appendix  B  end  a  list 
of  tbs  header  logs  for  each  of  the  runs  taken  Is  presented  In  Appendix  C.  These 
header  logs  contain  the  ship  conditions  (spesd,  heading,  location  and  draft)  and  the 
wind  and  wave  conditions  existing  at  the  start  of  each  run. 

FALL  1981  FULL  SCALE  KEASUItEMENTS 
MEASUREMENTS  AND  INSTRUMENTATION 

The  1981  fall  trials  were  a  continuation  of  the  1979  trials  effort;  the  prloary 
flwasureaenta  being  midship  vertical  bending  stresses  and  wave  height,  both  of  which 
arc  used  co  calculate  th«  SAG*s.  The  ssss  tws  unvc  height  seasurlng  avstau  ua«Kl  in 
the  1979  trials  were  used  again  during  the  1981  trials.  Both  were  configured  and 
installed  by  the  Naval  Research  Laboratory.  The  first,  a  Collins  Radar  Altimeter 
was  mounted  on  a  bor^  which  extended  ebout  4.5  meters  off  the  ships  bow.  Tbs  sscond, 
s  microwave  radar  unit  was  mounted  on  the  port  aide  on  top  of  the  pilot  house. 

As  will  be  described  later,  the  NRL  microwave  radar  unit  developed  problems 
early  In  the  triala  and  stopped  functioning  altogether,  exhibiting  eontlnuoua  loaa 
of  aignal.  All  wave  height  data  Is  therefore  based  on  the  colllos  radar  altimeter 

A  total  liet  of  treneducer  neesureacots  la  given  In  Table  I,  and  shown  In 
Figures  1  through  3.  The  list  includes  midship  stresses  (asln  deck  bottom  end 
Istersl  bending  end  torsion),  wave  height,  end  corresponding  vertical  and  horizontal 
accelerations  of  the  wave  height  meaeuriog  units. 

Thrt  major  changes  between  the  1979  trials  snd  1981  trlsls,  besides  the  static 
hull  girder  cslibrttlon  are  that,  In  1981; 
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TABLE  1  -  HEASURBlZinS  FOR  M/V  S.J.  CORT  PULL  SCALE  TRIALS 

1.  MICRO-WAVE  RADAR* 

2.  COLLINS  RADAR* 

3.  BOW  VERTICAL  ACCELERATION  (AT  COLLINS)* 

A.  BOW  HORIZONTAL  ACCELERATION  (AT  COLLINS)* 

5.  BOW  VERTICAL  ACCELERATION  (AT  MICRO-WAVE)* 

6.  BOW  HORIZONTAL  ACCELERATION  (AT  MICRO-WAVE)* 

7.  MIDSHIP  DECK  VERTICAL  BENDING  STOESS  (COMBINED)  . 

8.  MIDSHIP  DECK  VERTICAL  BENDING  STRESS  (WAVE  INDUCED) 

9-  MIDSHIP  IffCK  VERTICAL  BEHDIHC  STRESS  <S?RI^^CI^^C> 

10.  MIDSHIP  BOTTOM  VERTICAL  BENDING  STRESS  (COMBINED) 

11.  MIDSHIP  LATERAL  BENDING  STRESS 

12.  MIDSHIP  TORSIONAL  STRESS 

*  NRL  INSTALLED  MEASORIMENTS 
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M/V  STEUART  J.  CORT  HEASURIMENTS 


LOCAXI(24S  FOR  COMPUTER,  SIGNAL  CONDITIONING, 
AND  WAVE  MEASURING  SYSTEMS 


Figure  2  -  Forward  Section  with  Wave  Heasurlng  Devices  and  InsCruDentatloo 


1.  Full  scale  preeeura  ■eaaurements  In  the  bow  were  not  recorded*  The 
pressure  transducers  were  removed  and  replaced  with  plugs  early  In  1981  while  the 
CORT  was  laid  up  for  the  winter. 

2*  Midship  motions  (pitch,  roll,  and  heave)  were  not  measured  and, 

3.  Buoy  wave  height  measureawnta  were  omitted,  since  the  collies  radar 
altimeter  and  the  microwave  radar  units  iiere  validated  (using  the  1979  trials  buoy 
data  and  buoy  data  obtained  again  in  1960  by  the  Coast  Guard  see  Reference  2)  using 
helicopter  deployed  buoys. 

A  shakedown  trial  was  conducted  on  the  CORT  during  the  susner  of  1981  to 
reestabliah  t!ie  entire  data  colleeiion  and  analysis  system  in  preparation  for  the 
fall  trials . 

Problems  with  the  keel  strain  gages  (which  had  begun  to  drift  toward  Che  end  of 
t>  j  1979  trials  seasou) ,  aixl  one  of  the  «■»*<"  deck  dyadic  gage*  (which  failed  during 
the  1980  Cosat  Guard  wave  height  correlation  tests)  dictated  a  partial  relnetrumen- 
tetj.on  cf  the  CORT  prior  to  any  data  collectiou. 

All  main  deck  and  keel  strain  gages  located  at  midships  were  replaced,  and 
duplicate  gages  were  placed  in  the  eame  vicinity  end  orientation  aa  backups. 

The  main  deck  gages  and  spares  were  placed  in  e  dyadic  configuration  approxi¬ 
mately  on  foot  forward  of  the  gages  used  in  the  fall  1979  trials*  The  bottom 
bending  gages  and  spares  were  placed  on  the  top  of  the  stiffener  on  the  bottoa 
plstinf,  b«c#uM  of  water  lying  on  the  plating  surface.  The  bottom  bending  gages 
are  In  the  same  location  aa  thoae  used  in  the  1979  trials  to  eliminate  local 
bending  (l.e.  0.211  x  transverse  frame  spacing). 

The  midship  torsion  and  lateral  bending  atreln  gages,  although  not  replaced, 
showed  desired  high  resistance  to  ground  end  proper  resletence  through  the  gages 
themselves.  The  lateral  bending  gages  are  also  laid  out  in  e  dyadic  configuration. 
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All  strain  bridgss,  sccsl«roMters»  and  wsv*  hslghc  radar  uBlts  vara  calibrated 
and  functioning  proparly  at  tha  beginning  of  the  1981  trials  (Appendix  B  gives 
details  of  transducer  calibrations).  Tha  MRL  alcrovaTS  radar  unit,  uhen  turned  on, 
displayed  tha  usual  peaked  oscilloscope  display;  although  net  specifically 
callbrat''.&  n  Vtard,  It  la  assuaad  working  properly  when  the  peaked  oscilloscope 
display  is  seen.  Occasional  signal  drop-out  occurred  as  the  URL  alcrovave  radar 
unit  was  tracking  approxiaately  2  foot  waves. 

The  PDF  11/03  coaputer,  which  was  used  to  control  the  collection  and  storage  of 
the  digitised  data  on  aagnetlc  tape,  we  loaded  on  board  at  the  end  of  the  shake¬ 
down  trials.  At  this  tlae  the  coaputer  was  not  fully  operational  In  that  It  was 
unable  to  collect,  new  data  but  was  able  to  reduce  and  analyse  previously  collected 
data.  An  atteapt  was  aade  to  identify  and  correct  the  cosputer  problea  before  the 
fall  trials  began  but  the  results  did  not  confln  the  coaputer  would  be  operatlooa]. 
by  the  start  of  the  trials.  As  a  precautionary  aeasure,  an  analog  tape  recorder  was 
brought  on  board  and  added  to  the  inatruaeotatlon  package  at  the  start  of  the  fall 
trials  as  backup  to  the  digital  tape  systeai.  Thu  probleas  affecting  the  coaputer 
were  Identified  and  corrected  during  the  first  few  da3rs  of  the  dedicated  trials. 

DATA  COILSCTION 

Over  fifty  data  runs  of  25  minute  duration  each  were  collected  on  hoard  the 
CORT.  The  data  collected  consisted  of  roughly  an  even  alxture  of  head  and  oblique 
sea  headings.  Host  of  the  rougher  weather  was  encountered  In  oblique  sea  conditions. 
On  the  last  day  of  trials,  however,  when  rough  following  seas  prevented  the  ship  from 
entering  Burns  Harbor,  the  Captain  turned  the  ship  around  and  headed  back  up  Lake 
Michigan,  allowing  a  series  of  head  and  bow  sea  runs  to  be  recorded.  Although  the 
ship  was  traveling  at  a  reduced  speed,  the  waves  were  probably  the  highest  and 
longest  of  any  data  runs  collected  during  the  1979  and  1981  trials. 
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Host  runs  (tuns  l^AO)  mrs  rscotdsd  od  oselllogrsph  traces  to  cheek  for  date 
coasistsney  as  vail  as  bslog  recorded  oo  analog  and  digital  tape.  The  reealnlng 
nuts  (41-57)  vere  only  recorded  oe  digital  tape  and  oaeillograph  traces. 

The  MB.L  microwave  radar  unit  ceased  functioning  at  the  beginning  of  the  trials 
and  exhibited  the  same  signal  loss  and  dropout  characteristics  as  it  did  during  the 
1979  trials.  Dally  attempts  to  bring  the  unit  up  and  working  failed,  and  subse¬ 
quently  no  wave  height  data  from  the  MRL  adcrowave  unit  were  collected.  The  hori¬ 
zontal  accelerometer  mounted  on  the  HRL  microwave  unit  began  functioning  unreliably 
after  run  #9. 

The  runs  recorded  on  digital  tape  were  digitized  at  5  samples  per  second,  (10 
samples  per  second  was  used  in  1979  to  be  eompatable  with  the  MRL  microwave  digital 
output  signal,  and  then  the  data  would  be  analyzed  using  every  other  date  poir^t  to 
eatablish  an  effective  digitizing  rate  of  5  samples  per  second) . 

Since  the  MRL  microwave  radar  unit  was  not  f<inctloning  properly,  the  digitising 
rata  was  set  at  5  samples  per  second,  and  every  data  point  would  be  used  In  the 
data  analysis,  thus  reducing  the  number  of  data  points  being  handled  and  the  amount 
of  computer  time  required  for  data  analysis.  A.  sample  rate  of  5  samples  per  second 
still  adequately  defines  the  frequencies  of  interest  for  this  vessel. 

The  Collins  radar  unit  exhibited  soar  drop  out  (loss  of  return  radar  signal), 
but  these  occurred  very  infrequently.  Tbs  signal  drop  out  is  none-the-less 
compenseted  for  in  the  softwere  (if  leee  then  2  seconds  in  duretlon)  by  lineerly 
connecting  the  lest  date  point  before  the  dropout  with  the  next  date  point  after 
the  dropout,  and  interpolating  the  missing  data  points  before  proceeding  with  the 
enslysis.  If  the  drop  out  is  more  ths^  2  seconds  in  duration  the  software  prints 
e  statement  to  that  effect  end  stops  the  enelyais. 
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A  d«scrlptioQ  of  th«  data  format  uacd  to  atora  th«  data  oa  thm  digital 
•agnatic  tapa  can  ba  found  in  Appendix  B  of  Rafaranca  1. 

STATIC  CALIBRATION 

Aa  part  of  the  fall  1981  full  acala  txiala  effort,  a  longitudinal  hull  girder 
banding  aoaent  calibration  of  the  COBT  waa  performed.  During  the  1981  aeaaon  only 
one  calibration  vaa  performed  due  to  ahip  achadula.  Mare  than  one  mould  have  been 
attempted  had  the  opportunity  to  do  ao  become  available.  The  purpoae  of  thia 
calibration  «aa  to  establish  a  relationship  between  a  statically  applied  bending 

f  , 

moment  and  the  response  of  the  main  deck  and  bottom  bending  strain  gages.  In  this 
way,  induced  bending  moments  can  be  derived  from  strains  measured  during  the  fall 
1981  shipping  season.  The  results  of  this  calibration  were  also  used  as  a  check 

I  ••  k  •  I 

against  the  calculated  neutral  axis  and  section  moduli. 

*  .  *  it 

The  calibration  was  performed  by  selectively  changing  ballast  in  the  seven 
middle  ballast  tanks  as  outlined  in  Reference  3.  With  minimal  interference  to 
the  ships  schedule,  the  calibration  was  performed  dockside  at  Burns  Harbor  with 
the  ahip  initially  in  the  code  1  ballast  condition  ready  for  departure. 

The  whole  calibration  took  approximately  3  hours,  starting  at  1730  hours  with 
the  Initial  code  1  ballast  condition,  to  the  specified  calibration  ballast  condition 
and  then  back  again  to  the  code  1  ballast  condition. 

Through  the  two  step  calibration,  the  main  deck,  bottom  bending  and  torsional 
strain  bridges  tmre  monitored,  in  addition  to  the  draft  meters  (forward,  aaldshipe, 
and  aft),  temperature  (deck,  air,  and  water)  and  athvartshlp  trim  lights  located  on 
the  engine  room  deckhouse.  The  torsion  bridge  output  and  the  trim  lights  indicated 
the  second  step  waa  not  fully  complete  as  the  ship  waa  preparing  for  departure,  and 
was  therefore  not  uacd  in  the  calculations. 
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Th«  v«Ath«r  eoQditlon*  during  ch«  calibration  \mf  ovoresat  during  th«  day  vltb 
drizxXing  rain  beginning  in  the  late  afternoon  and  continuing  through  the  night. 

The  sain  deck  and  keel  (water)  teapcraturea  (38^  and  44^  Fahrenheit  reipectively) 
reoained  constant  during  the  calibration,  with  the  elr  teapcrature  fluctuating  only 
one  degree  Fahrenheit  (37**  to  36**).  Since  the  aain  deck  and  water  teaperaturea 
reaained  constant  during  the  calibration,  any  effect  of  diurnal  stresaes  on  the 
calibration  was  assuaed  to  be  negligible. 

The  ballast  level  In  each  ballast  tank  was  checked  by  looking  down  the  scuttle 
hatch  at  the  top  of  the  tank  and  counting  down  the  nuaber  of  ladder  rungs  to  the 
ballast  surface.  The  rungs  are  spaced  one  foot  apart,  the  first  rung  being  one  foot 
off  tt^  bottOB  of  the  tank,  and  the  top  rung  being  twenty  seven  feet  off  the  bottoa. 

Uha'n  the  ballast  in  each  of  the  tanks  was  at  the  specified  level,  the  lines 
hoidii«  CUB  iulp  to  ths  dock  -sere  sleeked  so  that  cIm  friction  between  the  ship  and 
dock  would  not  interfere  with  the  celibretion.  Vbltage  outputs  froa  the  aeln  deck 
bending,  bottoa  bending  end  toralon  bridges  ware  then  monitored  at  the  signal 
conditioning  In  the  forward  aechlncry  rooa,  the  temlnel  strip  on  the  beck  of  the 
computer,  end  were  recorded  on  digital  tape.  All  three  voltage  readings  were 
consistent,  st  each  step  of  the  celibretlou.  Shunt  calibrations  of  the  strain  gage 
circuits  were  also  perforved  at  each  of  the  celibretion  steps  to  insure  the  eignal 
conditioning,  eapllilers,  etc.  were  working  properly. 

Tbs  ship  w«*  not  intended  to  trla  or  change  dreft,  but  the  change  in  draft 
readings  Indlcstsd  by  the  ships  draft  gages,  showed  that  it  did  set  slightly  daeper 
in  the  water  end  trlaned  slightly  by  the  how,  coapering  the  chenge  froa  the  initial 
code  1  ballast  condition  to  the  celibrstlon  ballast  condition.  Drafts  were  initially 
12'6"  FWD,  Id’S"  AMID,  20'6“  AFT  and  changed  to  12’7  1/2''  FWD,  16'0  1/2"  AMID  and 
20*3"  aft  at  the  celibretion  ballast  condition.  Soaa  changa  in  draft  readings  Is 

\ 
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attributabl*  jto  bending  of  the  hull  due  to  the  induced  loading,  aa  will  be  diacueaed 
l.ater,  aa  veil  aa  the  coablned  effects  of  the  free  water  surface  of  the  ballaat  and 
the  accuracy  to  which  the  ballast  can  be  loaded  to  the  noainal  specified  depth.  The 
reaainiog  changes  are  felt  to  be  errors  in  the  draft  gage  readings  theaselves,  as 
will  be  discussed  later  in  Appendix  A.  The  effects  of  these  changes  were  taken  into 
account  in  the  calculations  and  plots  given  in  Appendix  A. 

The  bending  aoeent,  baaed  on  the  nonlnel  change  in  ballast,  draft  and  trie  was 
foui^  to  be  bounded  between  235,100  and  198,000  Pt-Ltons  (SAG)  at  the  gage  locations 

Based  on  the  voltage  outputs  froa  the  aain  deck  and  keel  bending  strain  bridges 
the  gages  read  stresses  of  5.125  ksl  coepressloo  in  the  deck  placing  and  4.437  ksl 
tension  on  Cop  of  the  bottoa  placing  stiffener,  corresponding  to  an  average  bending 
■aa«nt  of  217,836  Ft-Ltons  (SAG). 

Coaparing  the  average  bending  aoeenc  obtained  froa  Che  strain  gage  outputs  with 
the  actual  applied  bending  aoaent  liaits  based  on  the  notalnal  ballaat  changes  and 
corrected  for  any  draft  and  trla  charges,  the  actual  coses  within  lOZ  of  that  seen 
by  the  aain  deck  and  bottoa  beading  strain  gages. 

The  neutral  axis  location  was  calculated  to  be  23.01  ft  above  Che  baseline,  and 
based  on  the  recorded  stresses  during  Che  calibration,  was  found  to  be  located  23.10 
feet  above  the  baseline;  a  very  good  coaparison. 

It  should  be  kept  in  Bind  that  the  above  calculations  relating  stress  at  a 
point  on  the  cross  section  of  the  ship  with  the  bending  noaent  acting  on  that  cross 
section  aasuaed  a  uniform  stress  distribution  along  the  width  of  the  ship,  with 
little  or  no  lateral  restraint. 

The  effects  of  a  non-unifom  stress  distribution  (shear  leg  effect)  would 
produce  slightly  higher  than  nominal  stresses  near  Che  edges  of  the  ship  (where 
Che  strain  gages  are  located)  and  near  the  edges  of  the  cargo  hatches  due  to  the 


longitottinsl  buHchsAd*,  «lch  slightly  lovst  tbsa  tuMlosl  struscs  occarrlof  st  ths 
mid  points*  Ths  astsrial  bstwoen  the  hatches  Is  assuesd  to  be  IncffeetlTO  in 
carryliig  losd.  Ths  actual  shape  and  aagnltuds  of  the  stress  distribution  across 
the  width  of  the  ship  with  respect  to  the  noeinal  stress  is  not  known,  but  could 
be  detemined  froe  a  simple  finite  element  model. 

The  effects  of  mill  tolerances,  which  on  ths  average  produces  plating  and 
scantlings  slightly  above  the  nominal  dimensions,  can  slightly  reduce  measured 
responses  below  the  nominal  calculated  values. 

Some  error  was  undoubtably  Introduced  in  ballasting  the  tanka  to  the  nominal 
specified  levels,  due  not  only  to  tbs  difficulty  of  sighting  the  water  level 

down  Inside  the  tanks,  but;  also  the  effect  of  the  sise  of  the  tanka  (large  surface 

*  • 

> 

area)  has  on  the  ballast  we'ight  based  on  the  depth  readings. 

Another  factor  to  be  considered  in  the  comparison  would  be  electronic  drift  of 
the  instrumentation  when  readings  are  taken  with  respect  to  the  same  initial 
reference  over  a  long  period  of  time. 

SUtMA&T  A!Q)  BCCOKKENDATIORS 

Dedicated  fall  trials  have  bean  completed  for  the  1981  shipping  season.  Over 
fifty  data  runs  of  25  minute  duration  each  were  collected  on  board  the  COST.  The 
data  collected  contains  roughly  an  even  mixture  of  head,  bow  and  oblique  sea 
headings.  I4ast  of  the  rougher  weather  was  encountered  in  oblique  seas,  except  for 
a  series  of  head  asd  bcw  see  runs  obtained  on  the  last  lag  of  trials  in  very  rough 
seas.  Moat  of  the  data  remains  to  be  analysed  due  a  change  in  project  objectives 
and  available  funding. 

As  part  of  the  fall  1981  trials  effort,  a  longitudinal  hull  girder  bending 
moment  calibration  of  tbs  COBI  was  performed  by  recording  hull  strains  while  making 
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kooMo  chang«ft  in  th«  ihlp's  ballait  condition*  The  eetual  bending  Boacnt,  efter 
being  corrected  for  chenges  in  the  buoyency  distribution  caused  by  the  deflected 
shape  end  slight  draft  and  trie  changes,  agreed  to  within  lOZ  of  the  average  seen 
by  the  eain  deck  and  bottoa  bending  strain  gages. 

The  correction  due  to  the  buoyancy  distrlburlon  was  found  to  be  between  15 .SZ 
and  28 •SZ  of  the  uneorreeted  bending  noaent  distribution*  The  aeasured  stresses 
show  this  correction  to  be  21. 7Z. 

Possible  explanations  for  the  lOZ  dlsagreeaent  Include  the  effect  of  shear  lag 
in  the  plating,  which  abcds  load  fron  the  unsupported  sections  of  the  plate  to  the 
edges  which  are  supported  by  longitudinal  bulkheads,  effectively  increasing  the 
stresses  In  thoe«  areas:  alll  tolerances  of  plating  and  scantlings  which  can  be 
slightly  above  noalnal;  error  Introduced  fron  the  draft  gage  readings;  error  intro¬ 
duced  in  ballasting  the  tanka  to  specified  levels  due  to  the  large  site  of  the  tanka 
and  the  difficulties  in  sighting  tht  depth  fcon  the  scuttle  hatch  at  the  top  of  the 
tank;  and  errors  inherent  in  any  electronic  signal  conditioning  when  readings  are 
taken  with  respect  to  the  sene  Initial  reference  over  a  long  period  of  tine. 

A  eonparison  of  the  calculated  neutral  axis  location,  23.01  feat  above  the 
base  line  and  the  neutral  axis  location  deterained  experlaentally  during  the  hull 
girder  calibration,  23.10  feet  above  the  base  line  shows  very  good  agreement. 

To  establish  sooe  definite  conclusions  about  springing  and  wave  induced 
stresses,  (their  coabination  to  produce  a  aaxiaua,  consistency  of  the  theoretical 
and  aeasured  BAO's,  assyaetry  of  the  aeasured  aain  deck  and  bottoa  beading  tlae 
history  data^*^),  a  concerted  effort  is  recootaended  to  reduce  and  analyze  the 
reaaining  data  collected  during  the  1981  trials,  and  along  with  the  data  collected 
during  the  1979  trials,  be  coanared  and  collectively  analyzed. 
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Included  In  tliit  effort,  in  edditioo  to  deeelopinf  RAO'e.  hletogreae  of  the 
Tertlcel  bendlof  ehanaelc  (aain  dedi  eoebined.  weee  induced,  epringing.  end  bottexe 
bending)  should  be  ennlpsed  to  deteraloe  their  ectusl  distribution,  which  is 
importetit  when  eezieva  expected  velues  ere  deteralned  from  the  eree  under  the 

response  spectre. 

A  brief  snelysis  of  som  of  the  dete  collected  eerly  in  the  1981  triele 
suggests  the  distribution  of  the  dete  is  not  quite  e  Seyleigh  distribution  es  wes 
initiellj  essueed.  but  rether  e  nore  generel  Heibull  distribution,  (of  which  e 
lejleigh  distribution  is  e  specific  fon). 

At  the  end  of  the  1981  triele  seeson.  ell  instnaencetion  end  equipnent 
essocieted  with  these  triele  wes  removed ,  end  the  CORT  wes  restored  to  pre-triels 
condition.  The  digitel  dete  cepes  will  be  irteileble  et  DTRSBOC  for  future  enelysis. 
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APPENDIX  A 

STATIC  CALIBRATION  CALCULATIONS 

The  bcndlag  aoaeat  produced  fro*  che  change  in  belleec  loedlng  hee  to  be 
corrected  to  eecount  for  the  change  In  buoyancy  dletrlbutlon  reacting  any  change 
in  trla,  draft  or  deflected  ehape.  Thia  net  bending  noaeot,  the  bending  aooeot  due 
to  the  change  in  ballaet  elnua  the  bending  eoaent  due  to  the  change  in  buoyancy 
distribution,  is  the  actual  bending  aoaent  being  applied  to  the  ship. 

Although  the  ship  was  not  intended  to  trie  or  change  draft,  the  draft  readings 

indicated  that  it  did  set  slightly  deeper  in  che  water  and  trie  slightly  by  che 

bow.  Slight  changes  cai  '  accributed  Co  Che  bending  of  the  hull  due  to  the  induced 

loading  aa  well  as  che  conbined  effect  of  the  free  water  surface  in  che  ballast  tank 

and  the  accuracy  Co  which  the  ballast  can  be  loaded  to  Che  noainal  specified  depth, 

# 

and  are  accounted  for  in  che  calculations.  The  draft  readings  cheaselves  are  also 
felt  to  be  slightly  in  error,  as  will  be  discussed  later.  Overall  tria,  i.e. 
nominally  8  ft  by  che  stem,  appears  to  be  correct. 

The  calculations  ere  based  on  che  initial  essuapcion  that  Che  draft  meters  were 
reading  che  draft  accurately.  The  draft  meters  are  located  447.92*  fwd)p^  ,33.67* 
fwd  and  425 .2S‘  eft'^i  ;  and  initially  read  12*6”  fwd,  Ib'S”  said,  ZO'S'  aft  and 
changed  to  12*  7  1/2"  fwd,  16*8  1/2“  amid,  and  20*3"  aft  at  the  calibration  ballast 
condition. 

The  overall  trim  of  Che  CORT,  in  che  initial  ballast  condition,  indicated  by 
Che  fore  and  aft  drafc  gages  was  8  ft  by  the  stern,  which  gives  a  ballast  depth 
differencial  of  0.88  ft  inside  each  ballast  tank,  che  ballast  level  at  the  aft  end 
of  Che  tank  being  0.88  ft  deeper  Chan  the  forward  end. 

The  overall  trim  of  the  CORT,  in  the  calibration  ballast  condition,  was  7*  7 
1/2"  by  che  stem,  which  gave  a  ballast  depth  differential  of  .84  ft  inside  each 
ballast  tank.  Taking  the  specified  depth  at  the  ladder  (located  10  1/2  feet  frora 

t 
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the  eft  ead  of  the  tank)  to  be  the  noalnel  depth  of  bell  as  t  la  the  tank,  see  Table 
Al,  the  belleat  depth  at  the  fore  end  aft  ends  of  each  tank  could  be  dctemlned,  and 
an  average  wight  of  ballaat  calculated  for  each  tank  at  the  Initial  and  calibration 
ballaet  condltlona.  The  difference  betveen  the  two  conditions  la  the  nooilnal 
calibration  loading,  which  is  nearly  300  icons  of  exeesa  weight,  the  calibration 
eonditioo  being  heavier  than  the  Initial  condition.  By  Integrating  the  change  In 
load  dlagraa  once,  the  sheer  force  diagram  Is  developed.  Integrating  once  again, 
the  beading  moment  diagram  due  to  the  change  In  ballast  loading  la  developed.  For 
the  sake  of  conpariaon,  the  banding  moaMnt  diagram  due  only  to  the  change  In  ballast 
loading  la  shown  In  Figure  Al.  This  is  not  the  only  bending  moment  that  Is  acting 
on  the  ahip.  There  Is  a  reaction  due  to  the  change  In  buoyancy  distribution 
corresponding  to  the  deflected  shape,  and  change  In  trim  and  draft  of  the  ship. 

Using  the  heaulug  asasnt  dsc  only  to  the  change  in  loading  aa  a  starting  point, 
an  approxlaata  daflectad  ahapa  waa  obtained  by  integrating  the  bending  moment 
distribution  twlca;  tha  stiff naaa  EX,  wa  assumed  to  be  conatant  along  the  length  of 
the  ahlp.  The  deflection  eurvm  thus  obtained  was  forced  to  fit  through  the  three 
changes  In  draft  readings  and  Indicates  the  change  In  draft  along  the  length  of  the 
ahlp,  which  waa  used  to  obtain  a  change  In  buoyancy  diagram. 

The  ship  wma  divided  up  into  twenty  atetions  of  fifty  foot  lengths,  snd  the 
sverage  buoyancy  force  was  ealculatsd  at  tha  midpoint  of  each  station.  By  adding 
the  Iced  diegrss  due  to  the  change  In  ballaat  loading  (sag  amidships)  to  the  load 
diagram  due  to  the  buoyancy  resctlon  of  the  loading  (hog  amidships)  tha  first 
Iteration  to  the  actual  load  acting  on  tha  ship  was  obtained.  Integrating  the 
change  in  loed  diagram  once  gave  the  shear  force  diagram,  and  integrating  twice 
gave  the  bending  moment  diagram  due  to  the  combined  buoyancy  reaction  and  change  In 
the  ballaat  loading  acting  on  tha  ship. 
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This  nsv  bending  tsooent  dlsgrsa  use  ihen  Integrated  twice  to  obtain  a  new 
deflected  shape,  which  In  turn  was  used  to  obtain  a  new  change  In  buoyancy  distri¬ 
bution.  When  added  to  the  load  diagram  due  to  the  change  In  ballast  loading,  new 
sheer  and  aonent  dlagraas  due  to  the  combined  load  distribution  were  obtained.  Each 
cycle  of  Che  Iteration  gave  a  slightly  better  estlnate  of  the  deflected  shape.  The 
deflection  diagram  due  to  the  combined  load  dlsCrlbutlon  were  found  to  be  quite 
Insensitive  to  each  successive  iteration;  converging  to  nearly  the  same  values 
after  each  Iteration.  Each  time  there  was  found  to  be  about  600  Ltons  of  excess 
buoyancy  at  an  LCG  of  about  170  ft  FVDt(.  •  The  aaount  of  excess  weight  from  the 
free  surface  effect  of  the  ballast  loading,  about  300  Ltons,  at  a  LCC  of  about 
11  ft  FVD  U  had  already  been  accounted  for.  The  remaining  300  Ltons,  difference 
(laaa  Chan  4  1  of  the  total  ballast  change),  was  considered  Co  be  partially  the 
effect  of  the  actual .ballast  depth  with  respect  to  the  specified  nominal  ballast 
depths,  Che  accuracy  to  which  the  ballast  can  be  added  to  the  tanks  and  partially 
Che  effect  of  the  nominal  draft  readings. 

It  seems  most  likely,  from  the  discrepancy  in  the  LCG  locations  of  the  change 
In  ballast  and  resulting  buoyancy  distributions,  that  most  of  Che  error  is  due  to 
the  draft  readings  (particularly  the  forward  reading)  since  the  LCG  of  Che 
buoyancy  distribution  disagrees  the  moat  from  Che  nominal  expected  values. 

Fxirther,  for  example,  even  if  the  actuel  ballast  depths  were  off  by  as  much 
as  1  1/2  Inches  from  the  specified  levels  in  the  tanks,  in  both  Che  Initial  and 
final  condition,  la  such  a  way  as  to  shift  the  LCG  of  the  ballaat  forward  toward 
the  LOG  of  Che  buoyancy  reaction,  the  ballast  weight  only  Increases  to  393.4  Ltons 
and  Che  LCG  of  Che  ballest  moves  to  5S.36  ft  FWD  • 

k  solution  was  therafore  obtained  by  bo«^lng  Che  probloi  within  upper  and 
lower  limits.  A  lower  limit  was  obtained  by  using  Cha  maaaured  draft  readings. 
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#7«a  thoash  ver*  felt  to  thty  csatalo  #«ie  ertt??,  and  yeins  tb*  tboT*  tpeeified 
chaogu  In  ballast  (corrected  for  the  free  aurfaca  affect)  eonaarvatlvcly  atauaing 
tbae  to  be  off  by  aa  auch  aa  1  1/2  Inehaa,  ao  that  the  LCG  of  the  ballaat  would  be 
cloaer  to  that  of  the  buoyancy  dlatrlbutlon.  The  aomant  diagraa  vaa  forced  to 
cloaa,  effectively  forcing  cqulllbrlua*  Been  thla  conaarvativa  lower  Halt 
(198,000  Ft-Lton  at  the  gage  location)  la  within  lOZ  of  the  aaaaured  value.  See 
Figure  A1  for  banding  aoaant  dlatrlbutlon.  It  ahould  be  noted  that  aa  the  LCG* a  of 
the  ballaat  and  buoyancy  dlatrlbutlona  approa^'h  each  other,  the  banding  aoaant 
dlagraa  approachee  the  aaaaured  value. 

An  upper  Halt  waa  obtained  by  c^ilculatlng  a  reactive  buoyr^ncy  dlatrlbutlon  to 
natch  the  change  In  ballaat  dlatrlbutlon  (corrected  for  the  free  aurfaca  effect)  and 
ualng  tbeae  dlatrlbutlona  to  obtain  a  aoaant  dlagraa.  The  flrot  eaclaate  of  the 
buoyancy  dlatrlbutlon  was  obtained  by  aubatltutlng  the  aeaauced  acceaaea  Into  aqua-* 
tlona  1  and  2  of  reference  6  which  relate  aldahlp  atreaa  In  terea  of  midpoint  to  bow 
or  atern  deflection,  averaging  the  reaulta  and  acallng  the  prevloua  deflected  ahape. 
Subaequant  deflectlona  ware  obtained  by  Integrating  the  ahear  and  bending  aoment 
dlagraa  (aee  reference  7  for  detalla)  of  the  coablnad  ballaat  and  buoyancy  loadlnga 
to  obtain  a  conalatent  midpoint  to  bow  or  atcm  deflection.  The  reaultlng  deflected 
ahape  waa  Chen  poaltloned  ualng  the  TPI  and  KTI  obtained  froa  the  ahlpe  hydroatetlc 
plana  for  a  mean  draft  of  16'6"  (TP1“224.5  Ltona/tn  and  MTI"16,150  Ft-Ltona/ln)  to 
achieve  equlllbrlua  between  the  change  la  ballast  loads  and  the  change  In  buoyancy 
reaction.  Thla  upper  Halt  (235,100  Ft-Ltone  at  the  gage  location)  la  within  8X  of 
Che  aeaaured  value.  See  Figure  A1  for  the  upper  Halt  bending  acaent  dlatrlbutlon. 

BENDING  HCMENT  CALCULATIONS  FROM  STRAIN  GAGE  READINGS 

Changes  In  stress  were  aonltorad  froa  the  aaln  deck  and  bottoa  bending  strain 
gages  aa  Che  ballaat  in  Che  alddle  seven  ballast  tanka  was  changed  from  the  initial 
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cod*  1  b*ll**t  coadltioQ  to  th«  c«llbr«tlob  b«llMt  coodlClon  (the  torsion  gages 
vsr*  also  aenltored  but  had  a  negligible  change  In  output  voltage,  as  expected)* 

A  change  in  stress  of  5*125  kal  coepression  and  4*437  ksl  tension  were 
recorded  froa  the  wain  deck  and  bottosi  bending  strain  gages  respectively.  The 
deck  gages  uere  located  on  fop  of  the  deck  {dating  and  the  bottoe  gages  were 
located  on  top  of  the  stiffener  on  the  bottosi  plating  (*67  feet  above  the  outside 
botton  plating).  The  section  properties  given  in  Reference  2  were  recalculated 
with  greater  accuracy  and  are  given  in  Table  A2.  Based  on  Che  recalculated  section 
properties  of  the  old ship  cross  section,  these  changes  in  stress  can  be  converted 
to  a  bending  aoiienc*  Assualng  the  stress  distribution  along  the  width  of  the  ship 
Co  be  unifoni  when  a  vertical  bending  aoaent  la  applied,  the  vertical  bending  nooent 
based  on  Che  recordai  changes  in  stress  were  found  to  be  217,055  Ft"Ltons  and 
21b, 619  Ft-Lcons  for  the  deck  and  boccoa  bending  <’sges  respectively.  The  average 
.vertical  bending  aoraent  baaed  on  the  cucput  from  the  strain  gages  is  therefore 
217,835  fC-Ltons  (sag). 

Comparing  the  actual  vertical  bending  moment  calculated  from  the  nominal 
ballast  loading  and  draft  readings  with  chat  obtained  from  Che  strain  gage  outputs, 
the  actual  bending  moments  come  within  lOZ  of  Che  bending  moment  obtained  from  Che 
strain  gage  outputs. 

As  a  comparison  of  the  upper  and  lover  limit  curves,  and  the  measured  bending 
moment  shown  between  them  on  Figure  Al,  It  is  seen  that  the  upper  limit  curve 
employs  a  15 .5Z  correction,  due  to  buoyancy,  of  the  uncorrected  bending  moment 
curves  shown  in  Figure  Al;  Che  lover  limit  curve,  e  28. 8Z  correction;  and  the 
meacured  bending  moment,  between  Che  two  lin^cs,  a  21. 7Z  correct.loa  due  to  the 
change  in  buoyancy  distribution  which  is  a  coubination  of  deflection,  sinkage  and 
trim. 
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As  •  cbsck  OQ  the  celculeted  oeutrel  axle  (calculated  to  be  23<Ol  ft  above  the 
outaldc  bottoB  plating »  or  baaelloc)  the  streasea  recorded  during  the  calibration 
uora  used  to  deteralne  the  aaaaured  neutral  axis  location.  Vlth  a  coapreaaive 
etresa  of  5*125  kal  located  49  feet  above  the  baseline  and  a  tensile  stress  of 
4.437  ksl  located  0.67  feet  above  the  baseline,  Che  loeaclon  of  xero  stress  or  the 
neutral  axis  Is  found  Co  be  23.10  feet  above  Che  baseline,  which  agrees  fairly  veil 
with  the  calculated  neutral  axis  location. 
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TABLE  A1  -  SOtWDING  DEPTHS  CP  TANK  BALLAST 
BEFORE  AND  DURING  CALIBRATION 


TANK 

1 

2 

3 

4 

5 

6 

7 

8 
9 


SOUNDING  (FT) 

(SHIP  IN  BALLAST  CODE  1) 

16 

14 

15 

25 

26 
25 
21 
21 
21 


SOUNDING  (FT) 
(DURING  CALIBRAITON) 

16 

1 

22 

FULL 

FULL 

FULL 

FULL 

9.5 
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TABLE  A2  -  INERTIAL  PROPERTIES  AT  OORT  MIDSHIP  SECTION* 


MOMENT  OF  INERTIA  ABOUT  N.A. 
DISTANCE  FROM  N.A.  TO  DECK 
DISTANCE  FROM  N.A.  TO  KEEL 
SECTION  MODULUS  DECK 
SECTION  MODULUS  KEEL 


2465640  IN^FT^ 
25.99  FT 
23.01  FT 
94832  IN^FT 
107202  IN^FT 


^  Calculations  are  based  on  scantling  ditaensionB  shown  on  Erie  Marine  Inc. 
Drawing  ?101-Sll-ll-6  "Midship  Section  Final." 
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APPENDIX  B 

THANSDUCEE  CALIBRATIONS  AND  SENSITIVITIES 


Th«  MMureaeoCs  litced  in  Tnbl«  1  of  the  text  coneltt  of  ecrets»  wave  height 
and  acceleration,  each  of  which  were  calibrated  periodically  to  check  their 
■enaitivitiea,  the  ratio  of  engineering  unite  to  output  voltage,  and  insure  they 
were  operating  properly. 

The  four  atrain  bridge  channels  (main  deck,  bottom  and  lateral  bending  and 
torsion)  were  electrically  calibrated  with  ahunt  realstora.  Each  of  the  strain, 
gages  were  wired  up  in  a  Wheatstone  Bridge  circuit  with  active  atrain  gages  and 
dummy  resistors  as  shown  In  Figures  Bl,  B2,  B3  and  B4.  The  main  deck  and  lateral 
bending  gages  were  mounted  in  2  dyadic  configuration  on  the  hull  plating;  the 
torsion,  nt  45®  to  the  vnrtlsnl  ±nd  the  bsttcs  bending  gngns,  Isngitudlnnlly  on 
the  top  of  the  bottom  placing  stiffener  at  the  local  bending  Inflection  points. 

The  calibrations  were  performed  by  placing  shunt  resistors  in  parallel  with 
Che  atrain  gages  to  simulate  a  compressive  strain  in  that  arm  of  the  bridge.  These 
shunt  calibrations  were  performed  at  the  gage  site  initially  to  obtain  the  true 
sensitivity  and  dally  thereafter  at  the  instrumentation  site  in  the  forward 
machinery  room.  The  output  voltages  compared  well  with  the  calculated  values, 
Indicating  the  signal  conditioning  and  amplifiers  were  all  working  properly.  The 
transducer  output  voltages  for  Che  strain  gages  based  on  shunt  calibrations  at 
the  gage  site  are  also  included  in  Figures  Bl  through  B4. 

The  main  deck  bending  signal  was  filtered  into  Its  wave  induced  and  springing 
components  to  assess  the  relative  magnitudes  of  Che  stresses  as  an  aid  in 
determining  when  Co  take  data  runs.  The  wave  induced  component  was  produced  by 
low  pass  filtering  the  main  deck  bending  signal  with  a  cutoff  frequency  of  0.2  Hz, 
and  the  springing  component  by  high  pass  filtering  Che  main  deck  bending  signal 
with  a  cutoff  frequency  of  0.25  Rz.  Each  of  the  two  filtered  channels  employed  two 
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48  db/oct«v«  Khroahic*  vatiabla  «^leh  wrs  oucadad  to  provide  a  96  db/ 

octave  rolloff.  The  filter  charactarlitlcs,  phaae  lag  and  attenuation  aa  a  function 
of  nonallied  frequency  with  respect  to  cutoff  frequency  •  were  calibrated  at  tTTNSRDC 
with  a  function  generator  and  freqtiency  counter  and  are  given  in  Figures  B5  and  B6. 
Each  of  the  four  strain  channels  were  Initially  filtered  at  the  signal  conditioning 
using  low  pass  2  pole  Butterworth  filters  with  a  12  db/oetave  rolloff  and  a  cutoff 
frequency  of  10  Hz. 

ACCELEROMETEES 

The  vertical  and  horizontal  aceeleroaeters  aounted  on  each  of  the  wave 
aeasurlng  units  were  Installed  by  NBL  with  the  sensitivities  given  In  Table  Bl. 

The  transducers  were  periodically  calibrated  (in  port  with  caln  conditions)  by 
tilting  thea  at  various  angles  to  slsulate  fractions  of  gravitational  acceleration 
and  aeasurlng  the  output  voltage  to  assure  that  they  were  still  functioning  as 
calibrated  in  the  NRL  lab.  The  acceleroouiter  signals  were  filtered  at  4  Hz  at  the 
MSL  Instruaentatlon  using  a  4-pole  Bessel  filter. 

CO-LINS  ALTIMETER 

The  Collins  Radar  Altimeter  was  calibrated,  to  Insure  It  was  functioning 
properly,  tihen  the  ship  was  In  port,  and  in  cala  water.  The  antenna  horns,  which 
were  angled  outward  at  ZS°  froa  the  vertical  during  data  runs,  were  angled  down 
vertically  for  the  calibrations.  The  calibration  consisted  of  aonltoring  the  change 
in  output  voltage  as  the  horns,  attached  to  the  boon,  were  swung  out  over  the  water 
and  clear  of  the  ship,  and  then  back  again  over  the  deck.  The  sensitivity  was 
checked  by  dividing  this  change  In  distance  by  the  change  in  output  voltage  as  shown 
in  Figure  B7. 
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Figure  B1  -  Strain  Bridge  Circuits  for  Main  Deck  Bending 
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Figure  B2  -  Strain  Bridge  Circuits  for  Bottoei  Bending 
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Figure  B3  -  Strain  Bridge  Circuits  for  Lateral  Bending 
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Figure  B4  <*  Strain  Bridge  Circuit!  for  Toralon 
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Figure  B6  -  Rolloff  Characteristics  of  Kalo  Deck  Bending  Filters 
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Figure  B7  -  Collins  Radar  Altlaieter  Calib ration  procedure 
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T»bl«  11  -  NRL  INSTALLED  TRANSDUCER  SENSITIVITIES 


HEASURZKENT 
Colllnt  Rjidmr  Range 


SENSITIVITY 
14.50  £t/volt 

1.855  ft/aec^/volt 
3.240  ft/«ec^/volt 
24.61  fc/volt 
1.408  ft/sec^/volt 
2.512  ft/»ec^/volt 


SENSE 

Increailng  Range 
0  25*  to  Vertical 
Acceleration  Up 
Acceleration  to  STBD 
Increasing  Range 
Acceleration  Up 
Acceleration  to  Port 


Collins  Vertical  Acceleration 
Collins  Horizontal  Acceleration 
NPL  Range 

NRL  Vertical  Acceleration 
NRL  Horizontal  Acceleration 
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APPENDIX  C 

HEADER  LOGS  FOR  H/V  S.J.  COST  TATA  RUNS 

A  list  of  £h«  header  loga  for  each  of  the  nma  cakeo  during  the  1981  trials  is 
provided  in  this  appendix.  The  header  logs  list  Che  ship  condlelons.  speed,  heading 
location  and  draft  as  well  as  wind  and  wave  conditions  at  the  start  of  each  run. 

Also  included  are  remark  sCatesuetts  which  give  additional  infocaation  about  the  run. 

The  location  in  t^nss  of  nutth  latitude  and  west  longitude  were  obtained  ftoa 
Che  Loran  C  tracking  receiver  used  onboard.  Vessel  speed  was  obtained  by  the  tsates 
on  watch  by  logging  distance  covered  over  a  period  of  tiae.  Direct  speed  was 
obtainable  from  the  Loran  C  bixt  wcs  considered  unreliable.  Veasel  heading  was  read 
directly  from  the  ship's  gyrocompass.  The  %dnd  speed  and  direction  are  the  true 
wind  speed  and  direction  existing  at  the  dtart  of  aarh  run.  Wave  height  and  direc¬ 
tion  are  baaed  upon  visual  estimates  of  the  predominant  sea  at  the  start  of  each 
run.  Sometlmea  tie  wave  direction  would  be  taken  to  be  the  same  as  the  win!  direc¬ 
tion  if  the  wind  direction  had  been  steady  for  a  long  period  of  time  aa  the  waves 
were  building.  The  draft  indicated  in  the  header  log  was  read  off  of  the  forward 
draft  meter  as  the  ship  was  underway.  The  other  drafts  were  usually  listed  in  the 
remark  statements.  An  error  in  draft  readings  is  evident  when  the  ship  la  unaerway 
due  Co  the  effect  of  speed.  True  draft  readings  were  taken  when  the  ahlp  was  either 
in  port  or  passing  through  the  locks  at  Seult  Ste.  Marie.  Runs  1-5  were  taken  with 
tlie  ship  ballasted  between  code  1  and  code  2  with  true  drafts  apt roximately  13' 10" 
fwd,  16 '3"  amid,  and  19 '7"  oft.  Runa  6-12,  25-40,  and  47-57,  were  taken  with  the 
ship  In  the  loaded  condition,  with  true  drafts  27 '0"  fwd ,  27 '0"  amid  and  27 '0"  aft. 
The  remaining  runa  13-24  and  run  41  were  taken  with  the  ship  in  the  code  1  ballast 
condition,  with  true  drafts  i2'5“  fwd,  15 '8"  amid,  and  19'6"  aft^  These  and  other 
draft  conditions  are  listed  in  Table  Cl. 


TABLE  Cl  -  CORT  DRATTS  FOR  LOAD/BALUST  CONDITIONS 


CONDITION 

LOG  ENTRY 

DRAFT  FWD 

DRAFT  AMID 

DRAFT  AFT 

B«l''uitst  Cod*  1 

12 '-12' 

12*  -5“ 

15 •  -3" 

19'-6" 

BallbSt  Cod*  2 

15 '-16* 

15 ’-4" 

16 '“11" 

19'-8" 

Ballast  Cod*  3 

17 '-IB* 

l7*-0- 

18  *-11’* 

21'“3* 

Ballast  Cod*  4 

19 •-20* 

20 *-7" 

20 '-7" 

22‘-0" 

Ship  Loadtd 

27* 

t 

o 

1 

27 '-O* 

27  *-0“ 
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